The lining epithelium of 15 cases of odontogenic keratocyst (OKC) was evaluated immunohistochemically. The peroxidase-antiperoxidase technique was applied to study the distribution of polyclonal keratin and S-100 protein while the indirect method was used to examine monoclonal vimentin and desmin reactivity. Consistent positive keratin staining was revealed in the lining epithelium of all 15 OKCs with additional intense staining in the stratum corneum. None of the cases showed vimentin or desmin reactivity within the lining epithelium elements. One of the 15 cysts studied showed positive S-100 protein staining in the nuclei of the lining epithelial cells. The pertinent literature on the immunophenotyping of the lining epithelium of OKC is reviewed.
Introduction
Intermediate filaments (IF) are polymer strands 6-10 nm in diameter which form the principal components of the cytoskeleton of eukaryotic cells. There are 5 major classes of IF and these can be identified by biochemical and Immunohistochemical methods: keratin in epithelia, vimentin in many mesenchymal cells, desmin in muscle cells, neurofilaments (NF) in neurons and glial fibrillary acidic protein (GFAP) in glial cells [1] . There is ample evidence that neoplastic cells maintain fidelity of expression of parental cell IF. Thus determination of IF phenotype has become an accepted diagnostic method for neoplastic diseases. In recent years, however, an increasing number of reports have described neoplasms which express other IF classes in addition to the characteristic filament type seen in their progenitor cells. Co-expression of cytokeratin and vimentin has been documented in renal cell carcinoma [2] , and lung [3] , endometrial [4] and ovarian adenocarcinomas [5] . In the jaw, odontogenic tumors including ameloblastome, calcifying odontogenic cyst [7] , calcifying epithelial odontogenic tumor [8] and adenomatoid odontogenic tumor [9] also reportedly coexpress keratin and vimentin.
S-100 protein was first described as a nervous tissue-specific protein by Moore [10] in 1965, and so named because of its solubility in 100 % ammonium sulfate at neutral pH. It is a calcium-binding protein composed of 2 similar proteins, S-100 a and S-100 b. However, the exact functional role of this protein remains unknown. Although it was originally thought to be a specific marker of neurogenic cells, S-100 protein has also been identified in some nonnervous tissue tumors and tumorous lesions [11] . In the oral region, normal and also neoplastic salivary gland tissues such as pleomorphic adenomas have been reported to express this marker [12] . In the jaw bones, odontogenic tumors such as ameloblastoma [13] , odontogenic myxoma [14] and plexiform granular cell odontogenic tumor [15] are also known to show S-100 protein positivity.
In the present study, the lining epithelium of 15 odontogenic keratocysts (OKC) was examined immunohistochemically. Three types of IF, i.e. keratin, desmin and vimentin, along with S-100 protein were selectively studied with respect to their distribution within the lining epithelium of this type of cyst.
Materials and Methods
Fifteen cases of OKC were retrieved from the biopsy records of the Division of Stomatology, Institute for Medical Research, Kuala Lumpur, for this study. The criteria for selection included the presence of representative morphological characteristics and a tissue mass sufficient for analysis. The biodata for the selected cases are detailed in Table 1 .
All specimens were processed routinely, and cut into 5pm-thick sections for staining with hematoxylin and eosin and immunohistochemistry.
Immunostaining was carried out in each case using both the peroxidase-antiperoxidase (PAP) technique and the indirect method. The staining protocols are detailed in Table 2 . Known positive controls were included for all antisera. Negative control staining was obtained by substituting the primary antibody with non-immune serum. The primary antibodies used in this study included polyclonal anti-keratin, polyclonal anti-S-100 protein, monoclonal anti-vimentin and monoclonal anti-desmin. All reagents, antibodies and PAP complexes were obtained from Dakopatts, Copenhagen, Denmark.
Results

Histopathology
There were 13 parakeratinized and two orthokeratinized OKCs. All cases except no. 6 (which represented a recurrent lesion) were primary cysts. In the 13 parakeratinized OKC studied by light microscopy, a lining epithelium 6-8 cells thick, exhibiting corrugation of the surface parakeratin, palisading of basal columnar cells and absence of rete process formation was consistently identified (Fig. 1) . The remaining two cases of orthokeratinized OKC also showed a thin lining epithelium 6-8 cells thick, corrugation of the surface orthokeratin, cuboidal basal cells and absence of rete processes (Fig. 2) .
Immunohistochemistry
The results of the immunohistochemical study are detailed in Table 3 . The lining epithelium of all 15 cysts showed consistently positive keratin expression with particularly intense staining of the stratum corneum (Figs. 3 and 4) . There was no difference in the keratin staining pattern between parakeratinized and orthokeratinized OKC. None of these cases showed desmin or vimentin reactivity within the lining epithelial elements. In case no.6, the nuclei of the lining epithelial cells were stained positively for S-100 protein (Figs. 5 and 6). However, none of the other cases expressed this marker. Discussion A review of the pertinent literature disclosed that a variety of markers have been applied to study the phenotypic characteristics of the lining epithelium of the OKC. Using SDS-polyacrylamide gel electrophoresis and immunoblotting, Shuler and Shriver [6] identified seven specific keratin proteins with molecular masses ranging from 46 to 59 kDa within keratin extracts of the epithelial lining of three OKC specimens. The reproducibility of the pattern of these markers led them to suggest that a specific set of genetic events are responsible for producing the characteristic pattern of epithelial differentiation seen in OKC.
Howell et al [17] studied the profile of carcinoembryonic antigen (CEA) reactivity in 7 OKCs and found that all of these cases consistently expressed this marker but with variable intensity. They suggested that CEA has potential as a marker for differentiating aggressive lesions such as OKC from less aggressive cystic entities, but cautioned that a larger series of OKCs should be studied from these aspects before definite conclusions can be made.
Li et al. [18] applied a panel of monoclonal antibodies to evaluate the pattern of expression of epidermal growth factor receptor (EGFr) in odontogenic jaw cysts including 13 OKC. They found that developmental odontogenic cysts expressed a higher level of EGFr staining than inflammatory cysts, and that staining of the lining epithelial cells diminished progressively with movement away from the basal cell layers towards the superficial layers of the cystic lining. In areas of inflammation within the OKC, foci of weak EGFr staining similar to those seen in radicular cysts and periapical granulomas were observed. They sug-gested that the level of EGFr expression in odontogenic cysts and rests is related to the presence of inflammation within the adjacent connective tissue.
Saku et al. [19] compared the binding sites of 3 lectins in the epithelium of cystic and solid ameloblastomas with those of non-neoplastic cysts including OKC. The latter showed positive binding with Ulex europaeus agglutinin (UEA-I) and Bandeirea simplicifolia agglutinin I (BSA-I), while only limited UEA-I binding was observed in markedly keratinized cells of ameloblastomas. However, peanut agglutinin binding in both groups of lesions was irregular. Based on these findings they suggested that staining with UEA-I and BSA-I is a useful histologic aid for distinguishing cystic ameloblastomas from non-neoplastic jaw cysts.
Vuhahula et al. [20] compared the immunohistochemical staining characteristics of the lining epithelium of jaw cysts with orthokeratinization and with those of OKC and non-keratinized dentigerous cysts. They found that while the patterns of expression of cytokeratin, epithelial membrane antigen, CEA and involucrin were significantly different between these two groups of cysts, they were unable to relate these findings to the histogenesis of these lesions.
Robinson et al. [21] evaluated the expression of protease inhibition and small proline-rich protein genes in both normal palatal mucosa and OKC. They found increased abundance of alpha I (I) collagen and elafin transcripts in OKC and decreased abundance of stefin B, small proline-rich proteins and cytokeratin 4 and 13 transcripts compared with normal palatal mucosa. They suggested that identification of the factors controlling the transcription of these genes could clarify details of the development of OKC.
In the present study the tissue specificity of intermediate filamentous proteins was examined to clarify the nature of the lining epithelium of OKC. Positive identification of keratin proteins within the lining epithelial cells confirmed its epithelial nature. The intense keratin staining of the stratum corneum of the lining epithelium of these cysts also confirmed previous findings that markers of stratification and cornification are strongly expressed by these lesions [22] .
Identification of S-100 protein in the lining epithelium of OKC has not been reported previously. In the present study, one case (No. 6) showed positive staining for this marker in the nuclei of lining epithelial cells. This was the only example of recurrent OKC investigated in this series. As the first operation on this patient had been done elsewhere, tissue from the primary cyst was not available for comparative study. Nevertheless, the significance of this finding is difficult to interpret for two main reasons: (1) S-100 protein is a non-specific marker present in a variety of both normal and pathological neurogenic and non-neurogenic tissues; and (2) S-100 protein staining was not observed in the lining epithelium of the 14 remaining OKCs studied. The origin of the lining epithelium of OKC remains speculative. Possible sources cited include the dental lamina and enamel organ before the formation of dental hard tissue [23, 24] . Previous immunohistochemical studies have shown that tooth germ epithelia expresses the characteristics of both simple and stratified squamous epithelium [6, 22] . Ameloblastoma and fetal odontogenic epithelium are also known to share an essentially similar IF profile [6] . On the other hand, proliferation of the epithelial rests of Malassez to form the lining of inflammatory dental cysts has been found to be associated with a change from a simple epithelial phenotype to stratified non-cornifying epithelium (25] . In this study we also showed that OKC expresses a stratified cornifying epithelium phenotype. If indeed the epithelium of OKC originates from the fetal odontogenic epithelium of the dental lamina and enamel organ, this would also suggest that proliferation of the progenitor epithelium to form the cyst lining is also associated with a change from mixed simple and stratified squamous epithelium to a cornifying, stratified phenotype. As OKC is known to have two distinct variants, i.e. parakeratinized and orthokeratinized types [23, 26] , further research is necessary to clarify whether separate genetic events are involved in the evolution of these two subtypes. protein (peroxidase-antiperoxidase method, Table 1 Biodata of 15 cases of odentogenic keratocyst selected for immunobistochemical study Table 2 Immunohistochemical staining methods 
